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@ The invention relates to an implant material com- 
position for restoring bone tissue in a human or 
animal tx)dy. Said composition comprises a par- 
ticulate biocompatible bone tissue substitute material 
distributed in a bioacceptable mixture of a) a water- 
based liquid and b) a monoglyceride and optionally 
c) a triglyceride, said ingredients a), b) and c) for- 
ming an L2-phase or a lamellary liquid crystalline 
phase and being present in such proportions within 
said phases that they are capable of being trans- 
formed into a cubic liquid crystalline phase or a 
reversed hiexagonal liquid crystalline phase when 
contacted with an aqueous liquid. Thus, the phase 
conversion refenred to imparts to the composition 
such a high viscosity that Is works as an implant 
material as defined. 

There is also provided a method of preparing 
said composition comprising fonmlng the 12, or 
lamellary phase and distributing ttie bone tissue sub- 
stitute material therein. 

Moreover, tiiere is provided a metiiod of restor- 
ing lost bone tissue comprising applying the com- 
position to a bone cavity and converting the same 
by contact with an aqueous liquid. 

The composition for use as an Implant material 
composition as well as the use tiiereof for the manu- 
facture of an implant product ar also provided. 

Finally the inv ntion relates to the restored im- 
plant bone tissue product obtainable from said com- 



position by contact with said aqueous liquid. 
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IMPLA^rT MATERIAL COMPOSITION, PREPARATION THEREOF AS WELL AS USES THEREOF AND 
IMPLANT PRODUCT OBTAINABLE THEREFROM: 



Technical field 

The present Invention relates to the field of 
implant materials for restoring bone tissues In hu- 
mans or animals. More specifically the invention 
relates to a new, easily and consistently applicable 
implant material composition, to a method of pre- 
paring said composition, to uses of the same as 
well as to an implant product obtainable from said 
composition. 

Background of the Invention 

The implantation of materials of different types 
in the human or animal body in order to replace 
bone portions which have been wom out or which 
have deteriorated due to diseases of other reasons 
is steadily increasing. In order to eliminate the risk 
of having Immunological diseases different syn- 
thetic materials have come Into use within this 
technical field. As examples of suitable materials 
used for said purpose there can be mentioned a 
metal like titanium and minerals and ceramics such 
as high-purity alumina, ticalcium phosphate and 
calcium aluminate. In tiie absence of risks of im- 
munological diseases fragments from natural bone 
may also be considered in this respect Especially 
pretended materials are, however, materials having 
a chemical composition and crystal structure simi- 
lar to those of the materials that are built up by tfie 
living organism, such as calcium hydroxyapatite. 
One syntiietic material of tills type which has come 
Into use for restoring bone tissue Is the polycrystal- 
line mineral calcium hydroxyapatite and particulariy 
the non-resoriDable type tfiereof which has the for- 
mula Caio(P04)s(OH)2 and which is also one of tiie 
main constituents of tiie bones in the body wherein 
ttie organic matrix of the bone tissue is received. 
Said material senses as a "climb structure" for 
t>one tissue and prevents connective tissues from 
growing into the region of the bone which has been 
destroyed and is to be restored. 

Calcium hydroxyapatite of the above-men- 
tioned fomnula is manufactured by Asahi Optical 
Co.,Ltd., Tokyo, Japan, and is marketed under the 
trade mark APACERAM, which may be registered 
In some or ail of the designated states. The ma- 
terial is available as preformed pieces, such as 
to th roots, tiones for th middle ear and elements 
for brain surgery and also as a raw material in the 
form of btocks, which can be worked by sawing, 
milling and boring and which are of different 
shapes and porosities, and as a particulate material 
in the form of granules, i. . particles of regular or 



in^egular shapes, tiie sizes of which are of the 
orders from 0.1 mm to some millimeters. The 
blocks are used for large implants, preferably after 
having been properiy shaped, and the granules are 
5 used for filling bone cavities as well as in combina- 
tion with said blocks. Thus, since calcium hydrox- 
yapatite Is a hard and brittie material as most 
ceramics are, it is difficult to Impart to the blocks 
the exact shapes needed for the actual implanta- 

10 tions. by cutting or otiienivise woridng tiie blocks, 
and therefore said granules are used in combina- 
tion with the shaped block pieces to fill out gaps or 
spaces existing t)etween ttie shaped block pieces 
and the surrounding intact bone tissues. 

IS In most cases tiie above-mentioned granules or 
particles are mixed witii blood or a physiological 
saline solution In order to obtain a mass tiiat is 
easier to apply to ttie desired site of tiie bone and 
to eliminate surface tension phenomena wfien ap- 

20 plying said granules or particules to tiie bone. A 
metjor drawback to ttiis material or technique is. 
however, that such a mass Is not easily properiy 
confined within the bone cavity refenred to. Furtiier- 
more. when the mass has been applied to the 

25 bone, blood that may come from adjacent bleeding 
portions of the body or any other secreted body 
fluid will dilute the particulate mass and may even 
canry away the material from tiie site of application. 
The primary object of the present Invention is 

30 to overcome last-mentioned drawl)acks and to pro- 
vide an Implant material which can be easily and 
consistentiy applied to tiie desired site of action, 
i.e. where the bone tissue restoration is to be 
made. More spodfically, tills means that tiie new 

35 implant material according to the present invention 
is capable of resisting dilution and any forces ten- 
ding to carry away tiie material from ttie place of 
application. 

These advantages with the present invention 
40 will be explained more in detail below as will also 
otiier objects of tiie invention as well as additional 
advantages therewith. 

General disclosure of the Invention 

The primary object of tiie invention refenred to 
above is achieved according to a general aspect 
ttiereof by providing an implant material composi- 
tion for r storing bone tissues in a human or animal 
50 body, which composition essentially comprises or 
consists of a solid biocompatible bone tissue sub- 
stitute material distributed in a bloacceptable mix- 
ture of a) a water-based liquid, and b) a mcin- 
oglycgd de or a vegetabilic or animalic oil cont^n- 
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ing such a monoglyceride. and optionally c) a 
triglyceride or a vegetabillc or animalic oil contain- 
ing such a triglyceride, where said ingredients a), 

b) and optionally c) are present in th form of an 
12 phase or a lameilary liquid crystalline phase and 
where said ingredients are also present In such 
proportions that said L2 or said lameilary phase Is 
capable of being transformed into a cubic liquid 
crystalline phase or a reversed hexagonal liquid 
crystalline phase when coming into contact with or 
being contacted with an aqueous liquid. 

The biocompatible bone tissue substitute ma- 
terial used according to the present invention gen- 
erally is the same bone tissue substitute material 
that has been previously used within this technical 
field, as was mentioned above when describing the 
background of the invention. Thus, said material 
generally is a non-organic material in any par- 
ticulate form, e.g. granular form. Moreover, it is 
biocompatible in the general sense of said term. 

In other words the general, known principles as 
to tiie choices of biocompatible bone tissue sub- 
stitute materials can be utilized when performing 
the present invention, but according to a preferable 
embodiment of the invention said bone tissue sub- 
stitute material Is selected from the group consist- 
ing of a mineral, ceramic or metal. 

Preferable embodiments of minerals or ceram- 
ics are calcium hydroxyapatite. alumina, tricalclum 
phosphate and calcium aluminate. while the domi- 
nating and preferable metal is titanium. 

Especially preferable is calcium hydrox- 
yapatite, particulariy the non-resort>able type there- 
of which has the fonnnula Caio(PO*)6(OH)2. The 
main reason therefor is that said compound or 
mineral is a natural and major constituent of the 
bones in the body wherein the organic matrix of 
the bone tissue is received. 

The tx>ne tissue substitute material Is distrib- 
uted in a mixture of the atx)ve-mentioned ingre- 
dients a) and b). optionally also In tiie presence of 

c) , which mixture fonms an L2-phase or a lameilary 
liquid crystalline phase. In this context the term 
distributed should be interpreted in a broad sense 
and generally means spread out in any manner 
throughout said L2 or lameilary liquid crystalline 
phase. Expressed in other ways the bone tissue 
sut>stitute material can be said to be dispersed or 
slurried in any of the two phases referred to. 

A major feature of tinis aspect of the Invention 
thus is that tiie ingredients a), b) and optionally c) 
(when present) are present in such amounts or 
proportions and conditions that they form an L2- 
phase or a lameilary liquid crystalline phase. In this 
context. It should be noted that said expressions 
l-2-phase and lam llary liquid crystalline phase, 
respectively, are well known to a person skilled in 
the art and that any more detailed descriptions 



thereof should not be needed. Ratiier, Information 
thereabout can be found In the technical literatur . 
and especially with reference to tiie natur of the 
L2-phase reference is mad to PCT publication 

5 WO 88/00059 and the literature mentioned therein. 
Thus, altiiough said PCT publication discloses the 
use of an L2-phase for a completely different pur- 
pose the principles and information found tiierein 
witii reference to L2-phase and also with reference 

70 to the lameilary liquid crystalline phase are equally 
applicable to said phases in connection with the 
present invention. For instance, said PCT publica- 
tion discloses that the exact composition of the L2- 
phase or the lameilary liquid crystallir^e phase can 

T5 be found in the prior art, e.g. from a ternary phase 
diagram. An example of such a phase diagram is 
also shown in the publication. From such a diagram 
it can also be gathered ttiat the L2-phase is a liquid 
single-phase with water-aggregates in a 

20 hydrocaribon-continuous medium. 

From the above-mentioned it can also be gath- 
ered that the mixture forming said L2-phase or 
lameilary liquid crystalline phase can be a binary 
system of a) and b) only or alternatively a ternary 

25 system where ingredient c) is also present In both 
cases, however, tiie exact compositions to have tiie 
desired phases can easily be determined by a 
person skilled in tiie art, e.g. by means of a ternary 
diagram of the type referred to. 

30 However, for the purposes of the present in- 
vention it is not sufficient to provide such propor- 
tions between the ingredients a), b) and optionally 
c) that said L2- or lameilary phase is obtained. 
According to another important feature of the In- 

35 vention the proportions between the ingredients 
present also have to be selected properly such that 
the composition obtained is within such specific 
regions or domains of ttie L2-phase or lameilary 
liquid crystalline phase tiiat when the composition 

40 is in contact with or is contacted with an aqueous 
liquid it has to be capable of being transfomned 
Into the cubic liquid crystalline phase or the re- 
versed hexagonal liquid crystalline phase. Also 
these two phases are well known to a person 

45 skilled in the art and therefor furttier Information in 
this respect can be obtained from the prior art 
PCT publication No WO68/00059 referred to above 
gives some infonmation also in this context, but 
especially with reference to the cubic liquid cry- 
so stalllne phase reference Is made to European Pat- 
ent specification No 126.751. This European Patent 
specification discloses the use of the cubic liquid 
crystalline phase for completely different purposes 
but as was mentioned in connection vyith the PCT 

55 publication said European Patent specification is 
ratiier detailed as to the nature of the cubic liquid 
crystalline phase or the reversed hexagonal liquid 
crystalline phase, which details are equally ap- 
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plicabl pers to the present fnventi n. 

Thus, it can be gath red that th xact conr>- 
position for which a cubic liquid crystalline phase 
or a reversed hexagonal liquid crystalline phase is 
obtained is easily determined by the skilled artisan 
in a manner known per se. e.g. from a temary 
phase diagram. From such a phase diagram one 
can also easily see where the starting compositions 
of the L2-phase or the iameflary liquid crystalline 
phase have to be to obtain the corresponding cubic 
liquid crystalline phase or reversed hexagonal liq- 
uid crystalline phase by more addition of water or 
other aqueous liquid. 

The basic prindple of the present invention 
and which is utilized for the specific purposes 
defined herein, which is not in any way disctosed 
or suggested in any prior art known by us, is that 
the starting L2-phase or lamellary crystalline phase 
has the ability to change at constant temperature 
its state from a liquid condition to a geMike struc- 
ture having high viscosity, solely by swelling in the 
water-based liquid. By mixing the bone tissue sub- 
stitute material with the mixture forming said L2 or 
lamellary liquid crystalline phase the bone tissue 
substitute material will fomn together with any of 
said two phases a toothpaste-like mass or similar 
of a relatively low viscosity, which can easily be 
applied to a bone cavity or to a bone with an 
implant body mounted therein or thereupon by 
smearing the mass onto the surface of said bone 
or the surface of said bone and said implant re- 
spectively. The viscosity of the mass will then be 
temporarily Increased due to the increased tem- 
perature at the application site, but when the mass 
will come into contact with body fluid, such as 
bbod or the humidity from soft tissue, or any other 
aqueous liquid it will harden in a very short time, 
generally in a few seconds, to fonri a moidable well 
confined plastic txxJy. This sudden change of the 
viscosity of the implant material composition is due 
to tiie formation of said cubic liquid crystalline 
phase or said reversed hexagonal liquid crystalline 
phase when the material referred to is brought into 
contact with any body fluid or any other liquid 
present on or suppRed to the site of application of 
the material, said material being a precursor for the 
formation of the cubic liquid crystalline phase or 
the reverse hexagonal liquid crystalline phase. 

In otfier words the phase conversion referred to 
is utilized in a completely new manner and for a 
completely new purpose, by which the previously 
known disadvantages within this specific technical 
field can be reduced or more or less completely 
riminated. 

In addition to tiie fact that the mixture of a), b) 
and optionally c) should of course be bioaccep- 
table. i.e. must not cause any significant side ef- 
fects In contact with living cells or organisms, it 



could be added that gen rally the viscosHy consid- 
rations as to the differ nt phases refer to tempera- 
tures at or around normal body temperatures as 
the composition is intended for use in contact wtth 

5 the body. This generally means that the viscosity 
of the starting phase as well as that of tine trans- 
formed phase should be selected, preferably by 
choice of materials, so as to be proper. i.e. liquid, 
below a temperature of about 40°C for the intended 

10 purpose. More spedficaily this means that prefer- 
able embodiments of the tfiree ingredients a), b) 
and c) are as follows. 

The water-based liquid a) is any liquid wherein^ 
water is the major or dominating part. This means 

15 that pure water or an isotonic salt solution is prefer- 
ably utilized, but if advisable for any reasons any 
aqueous body fluid or other aqueous liquid may be 
used. 

The monoglyceride b), which can be used In 

20 the form of one single monoglyceride or as a 
mixture tiiereof, generally Is a monoglyceride of an 
unsaturated fatty add. Preferably said unsaturated 
fatty add is an unsaturated Cis-C22-fatty acid. An 
espedally preferable emtKxiiment thereof is a Cm- 

26 fatty add, particularly monoolein. Said monoolein, 
which is ttie glyceride of oleic add. is preferably 
utilized in the form of 1 -monoolein or a mixture of 
1 -monoolein and 2-monoolern, said mixture prefer- 
ably being an equilibrium mixture thereof. 

30 However, often it is not necessary to utilize tiie 
monoglyceride per se. Instead any vegetabilic or 
animalic product containing the same, such as a 
vegetalibic or animalic oil containing the desired 
monoglyceride, can be used, which may even be a 

36 prefenred embodiment. 

The triglyceride when used as ingredient c) 
generally is a triglyceride of an unsaturated fatty 
acid. As in connection with the monoglyceride said 
triglyceride is preferably a triglyceride of an un- 

40 saturated Ci6-C22-fatty acid, more preferably a C 
18-fatty acid. Nor the triglyceride has to be utilized 
as such but ratiier it may be preferable to use any 
nature product containing the same, such as any 
vegetabilic or animalic oil containing the desired 

46 triglyceride. A preferable example of such a nature 
product is soybean oil. Furthermore, mixtures of 
triglycerides may be utilized if desired. 

Altiiough tiie specific ratios between tiie Ingre- 
dients of tiie mixture of a), b) and c) (if present) are 

50 individually detennined for each specific case, e.g. 
from a ternary phase diagram, preferably embodi- 
ments with reference to such compositions, mainly 
for viscosity reasons, are tiie following. 

A preferable w Ight rati of m noglycerid b) 

55 to water-based liquid a) is within ttie range of about 
97:3 - 85:15, a range of about 97:3 - 95:5 being 
espedally pref rable in many cases. 

Especially in a case where a temary system is 
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used preferable weight percentages of the ingre- 
dients, based on the total weight of a) + b) + c). 
are about 2-15 percent of the waterbased liquid a), 
about ^98 percent of the monoglyceride b) and 
atxHJt 0-12 percent of the triglyceride c). A prefer- 
able range of a) is within 2-^%, especially 3-5%, 
while a preferable range of b) is 85-98% or 80- 
90%. If present, c) is preferably used within the 
range of 2-12%. A specific, interesting weight ratio 
within the above-mentioned range is about 5:85:10. 
I.e. expressed as a):b):c). 

Generally, although the bone tissue substitute 
material may be a minor volume constituent the 
volume ratio of bone tissue substitute material to 
the total of a) plus b) plus c) (when present) Is 
within the range of 1:1 - 5:1, a range of about 1:1 - 
3:1 being especially preferable for many applica- 
tions. The optimum ratio, especially in the case of 
calcium hydroxyapatite, is around 3:1 by volume. 

The invention also relates to a method of pre- 
paring the above-identified implant material com- 
position. Said method essentially comprises for- 
ming the L2 or lamellary liquid crystalline phase of 
said ingredients a), b) and optionally c) and tiien 
distributing the bone tissue substitute material 
therein. 

If the monoglyceride or triglyceride is not In the 
liquid state at the temperature where said L2 or 
lamellary liquid crystalline phase Is fbnmed any one 
thereof is generally melted before the water-based 
liquid is added thereto. 

As concems the conditions for forming an L2 
or lamellary liquid crystalline phase reference is 
made to the prior art, and with reference to the 
distribution of the bone tissue substitute material 
therein reference is made to the specification 
above. Thus, any suitable method of distributing a 
solid material in a phase of the type referred to can 
be utilized. 

The preferable embodiments described above 
in connection with the implant material composition 
are equally applicable to the method according to 
the invention of preparing said composition. 

IVIoreover, the present invention provides a 
method of restoring lost bone tissue in a bone of a 
human or animal body, which comprises applying 
the implant material composition as defined above 
to the surface of any bone or bone cavity where 
lost bone tissue is to be restored and allowing said 
composition to come into contact and/or contacting 
the same with an aqueous liquid in such an amount 
tiiat said composition will be transformed or con- 
verted into the corresponding cubic liquid crystal- 
line phase or tiie corresponding r v rsed hexag- 
onal liquid crystalline phase. 

The starting L2. or lam llary liquid crystalline 
phase is preferably chosen so as to have a viscos- 
ity which enables the use of a conv ntional one- 



way syringe, the low viscosity implant material be- 
ing received by the syring and being ejected 
th r from to the region of the bone where th mass 
is to be applied. 

5 Irrespective of the method of application, how- 
ever, the applied composition changes its phase to 
a cubic liquid phase or a reversed hexagonal liquid 
phase in contact with the aqueous liquid as defined 
above, a well confined plastic mass of high vfscos- 

10 ity being formed at the site of application. 

After said phase conversion the applied ma- 
terial may be given the final form at the application 
site by a plastica) working of the material. The 
implant material can also be fixed by being cov- 

15 ered with surrounding soft tissue which Is closed 
by suturing. 

Although the method just referred to has been 
described and will be more specifically described 
below as a method of shaping the Implant product 

20 at the ultimate site of application, it is also within 
the scope of the invention to make a preshaping of 
the product outside the txxJy in any suitable mokj 
by bringing the implant material composition into 
con tact with the water-based liqukJ and then mak- 

25 ing ttie final shaping and fixing in the desired tx>ne 
cavity. 

The preferable embodiments described above 
in connection with the implant material composition 
are equally applicable to the method of restoring 

30 tost tx>ne tissue just described. 

The invention also relates to the composition 
as defined above, also as to all preferable emt>odi- 
ments thereof, for use as an implant material com- 
position for restoring bone tissue in a human or 

3S animal t>ody. 

Furthermore, the invention relates to the use of 
the abovementioned composition for the manufac- 
ture of a product or preparation to be used as an 
implant material for restoring bone tissue in a hu- 

40 man or animal body. All preferable emtx)diments 
described above in connection with the implant 
material composition are equally applicable to this 
aspect of the invention. 

Rnally, the invention also provides the restored 

45 implant bone tissue product per se, l.e. the product 
that is otrtainable or obtained by contact between 
the implant material composition as defined alx>ve 
with an aqueous liquid, said product being in the 
state of a cubic liquid crystalline phase or a re- 

50 versed hexagonal liquid crystalline phase. All pref- 
erable embodiments disclosed atiove are applica- 
ble also to this aspect of the invention. 

As was mentioned above the major advantage 
of the present invention is that tiie handling of the 

55 bone substitute material will be considerably facili- 
tated and that particles tiiereof are prevented from 
escaping from the application site. If this would 
happen the particles could cause initation or com- 
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plication at other places of the lx>dy. 

Another advantage in connection with the in- 
V ntion is that the composition can be sterilized 
and can be stored in closed packages without any 
changes of properties. 

Other advantages could be gathered from the 
present specification or should be obvious to a 
person skilled in the art 

The drawings 

The Invention will now be described with refer- 
ence to the accompanying drawings, which show 
non-limiting embodiments of the invention only and 
wherein 

FIG. 1 is a phase diagram of a monoolein-water 
mixture; 

RG. 2 is a diagrammatic plan view of a skull 
portion with an implant product therein; and 
FIG. 3 shows a schematic phase diagram for the 
system of sunflower oil monoglycerlde/soybean 
oil/Water at 40''C and 90*^. 
An ideal monoglyceride for use In connection 
with the present invention is oleic acid, inter alia 
because it is not easily oxidated which might cause 
risks of the fonmatk)n of toxic sut)stances. Refer- 
ence Is made to the diagram shown In figure 1, 
which is a phase diagram for a mixture of mon- 
ooteln and water indicating the relationship be- 
tween temperature and water content related to the 
existence of the phase wherein the monoolein- 
water mixture Is liquid and the phase wherein the 
monoolein-water mixture has a gel-like structure 
with high viscosity. If the water phase contains 
salts of physiok>gical concentrations or proteins 
from the bkxxJ of lymph system the diagram will 
not be changed. 

Thus, starting from monoolein having a water 
content of about 4% (weight by weight) the phase 
is liquki in the temperature range from at>out 20 to 
40^, i.e. below the body temperature (about 
36^C). This phase is indicated as L2 because the 
water molecules thereof form a reversed micellular 
structure. After swelling in contact with water or 
any other aqueous liquid, such as bkx>d or the 
humidity of soft tissue, the viscous phase D (D 
stands for diamond glitter which is the water canal 
structure of the phase) will be obtained, which is 
the cubic liquid crystalline phase. The other phases 
shown in the figure are: L^ = lamellary liquid cry- 
stalline phase; Ha = reversed hexagonal liquid cry- 
stalline phase; and G=gyroid, which is also a cubic 
liquid crystalline phase. 

An implant material of the D phase of mon- 
oolein in soft tissue and in bon tissue has been 
found to be perferctiy biocompatible ttierewith and 
to cause no changes of inflammatory characters. 
Probably this is due to the fact that monoolein is 



present In tiie body and will be exchanged with 
esterases (lipases) In tfie normal lipid metabolism. 
Another favorable factor probably is tiiat the cubic 
structur is identical with th lipid structure of bio- 
5 logical membranes, i.e. a bimolecular layer with the 
polar group facing outwardly towards the water 
medium. 

In order to obtain the favorable liquid L2 phase 
at about room temperature the water content of the 

70 monoolein-water mixture should preferably be with- 
in tf)e range of from about 3.5 to 4% (weight by 
weight). Thus, such a liquid L2 phase has been 
found to be especially preferable as it imparts Ideal 
consistence conditions to the implant material. 

75 However, higher water contents are also possible 
for this specific case, as tiien the lamellar liquid 
crystal phase will be fonmed, which phase is also of 
such a viscosity that it Is useful in accordance with 
the present Invention. 

20 In figure 2 there Is shown a plate 10 obtained 
from a block of calcium hydroxyapatite which plate 
is located and suitably fixed In an opening 11 of a 
scull portion 12. The implant material composition 
can be applied to the plate and tiie surrounding 

25 region of tiie scull Indicated by hatching at 13 by 
dispensing the low viscosity implant material com- 
position from a syringe wherein it has been stored, 
and tiie composition is then smeared out at least in 
ttie region 13. 

30 When tiie composition Is contacted with the 
scull the viscosity thereof may decrease due to a 
temperature rise but when the composition comes 
Into contact with any twxJy fluid, such as blood, tiie 
viscosity thereof will increase in a few seconds so 

35 as to form a well confined mass of high viscosity 
which can still be plastically woriced at the site of 
application so as to impart to tiie material the 
desired shape and to provide a smooth and tight 
transition between the plate and the sunrounding 

40 bone of the scull. Thus, by means of the implant 
material applied Inaccuracies are equalized be- 
tween the plate 10 and the edges of tiie opening 
11 due to difficulties to accurately work the hard 
and brittie calcium hydroxyapatite blocks to the 

45 exact form of the opening. 

The applied implant material may be fixed in 
the intended position by covering the scull and the 
implant regbn by means of sunrounding soft tissue 
which is ttien closed by suturing. 

50 Rg. 3 shows a phase diagram for one useful 
composition according to the invention, i.e. sun- 
flower oil monoglyceride, soy bean oil 
triglyceride/Waler at WO and 90»C. 

The two-phase regions and three-phase trian- 

66 gles are marked at 40**C only. The meanings of the 
symbols are: L2, isofropic "oily" solutions; C. cubic 
liquid crystalline phas ; D, lamellary liquid cry- 
stallin phase; and F, reversed h xagonal liquid 
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crystalline phase. In other words, the starting im- 
plant material composition according to the inven- 
tion is within that part of the L2- or D-phase where 
addition of water or aqueous liquid will give a 
composition ( and a phase conversion) within any 
of the C- or F-phases, respectively. 

Examples 

The Invention will also be more specifically 
described by means of the folbwing non-limiting 
examples. 

EXAMPLE 1 

Monoolein is heated to a temperature just 
above the melting point thereof (36°C) and not 
above 40°C. When the monoolein Is completely 
melted a physiological saline solution of the same 
temperature flust below AO^C) is added so as to 
obtain a weight ratio of monoolein/water of 96.2:3.8. 

The resulting 12 phase Is allowed to cool to 
room temperature and then granules of calcium 
hydroxyapatite. APACERAMO. are added, with stir- 
ring, said addition being made to a volume ratio of 
calcium hydroxyapatlte:l-2 solution of 3:1 

The implant material composition thus obtained 
has a toothpaste-like consistency and can be 
stored In closed packages. e.g. a one-way syringe, 
at a temperature ranging from about O^C to 40°C 
without any changes of properties. When the com- 
position is to be used a temperature within the 
range of from 2XfC to 3S°C should be imparted 
thereto. In this context it should be noted that a rise 
of temperature will mean a lowering of the viscos- 
ity. 

When applied to a bone cavity tfte composition 
sucks up body fluid and/or blood into the structure 
and a dramatic increase of viscosity is obtained 
due to the conversion of the L2 phase into a cubic 
liquid crystalline phase which ultimately gets satu- 
rated. The mixture obtained is stiff but still mol- 
dable. 

EXAMPLE 2 

As in example 1 monoolein is heated just over 
the melting point ttiereof (36^). Soybean oil Is 
added to the melted monoolein and then a phys- 
iok>gical saline solution is added thereto, the weight 
ratio of monoolein/soybean oil/water being 85:10:5. 

After cooling of the resulting 12 phase to room 
temperature granules of calcium hydroxyapatite 
(APACERAM®) ar added tii reto as in xample 1 
to a ratio of cateium hydroxyapatite/L2-solution of 
3:1 by volume. The composition thus obtained has 
a lower viscosity than the composition btained 
according to example 1, and the viscosity th reof 



will be further reduced if adding more soyt>ean oil. 

The composition behaves in a manner similar 
to that of the composition described in example 1 
when applied to bone in a human or animal body. 
5 That is. a phase conversion to tiie cubic phase is 
otitained. 

EXAMPLE 3 

70 As in ttie previous Examples monoolein Is 
heated just above the melting point thereof (36^C). 
A physiological saline solution is added thereto, the 
weight ratio of monoolein/water being 86:14. 

After cooling the L2 phase thus obtained to 

75 room temperature granules of the same calcium 
hydroxyapatite as in Example 1 and 2 are added to 
a volume ratio of calcium hydroxyapatite: L2 phase 
of 2:1. The composition obtained has a lower vis- 
cosity than the one prepared in Example 1 t)ut 

20 higher tfian tiiat prepared in Example 2. 

When applied to a bone cavity the composition 
sucks up tx)dy fluid and/or blood and the ultimate 
water content thereof Increases to about 39% of 
the total weight when the cubte phase is saturated. 

25 During the phase conversion the viscosity in- 
creases dramatically to a stiff but still formable 
mbcture. The time for said phase conversion de- 
pends on the body volume of the mixture, but 
generally it Is of the order of 10-60 seconds for a 

30 volume of 1 cm^. 



Claims 

35 1. An implant material composition for restoring 
bone tissue in a human or animal body, character^ 
Izeti in that it comprises a solid, preferably par- 
ticulate, biocompatible bone tissue substitute ma- 
terial distributed in a bioacceptable mixture of a) a 

40 water-based liquid and b) a monoglyceride or a 
vegatabilic or animalic oil containing a mon- 
oglyceride, and optionally c) a triglyceride or a 
vegetabilic or animalic oil containing a triglyceride, 
a), b) and optionally c) fonning an L2-phase or a 

45 lamellary liquid crystalline phase and being present 
in such proportions tiiat said L2 or lamellary phase 
Is capable of being transformed Into a cubic liquid 
crystalline phase or a reversed hexagonal liquid 
crystalline phase when contacted with an aqueous 

60 liquid. 

2. A composition according to claim 1. c/iaracter- 
Ized in tiiat the monoglyceride defined in b) is a 
monoglyceride of an unsaturated fatty acid. 

3. A composition according to any one of th 
55 preceding claims, characteiized in that the 

triglyceride defined in c) is a triglyceride of an 
unsaturated fatty acid. 

4. A composition according to claim 2 or 3, c/iar- 
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aeterlzed in that said unsaturated ^tty acid Is an 
unsaturated CiG-C22-fatty add. 

5. A composition according to claim 4, character^ 
Ized in that said Cis-Caa-fiatty add is a Cis-fatty 
add. 5 

6. A composition according to claim 5, character' 
Ized in that ttie monoglycerid© is monoolein, pref- 
erably 1-monoolein or a mixture of 1 -monoolein 
and 2-monoolein. 

7. A composition according to claim 5, character' io 
Ized in tinat the triglyceride is soy t>ean oil. 

8. A composition according to any one of the 
preceding claims, characterized in that the weight 
ratio of monoglycerlde b) to water-based liquid a) is 
wthin the range of alxjut 97:3 - 85:1 5. is 

9. A composition to any one of claims 1-7. char* 
aeterlzed in that the weight percentages of the 
ingredients a), b) and c), based on the total weight 
of a) + b) + c), are about 2-15%. preferably 3-5%, 

of the water-based liquid a), about 80-98%, prefer- 20 
ably 85-98%, of tiie monoglyceride b) and about 0- 
12%. preferably 2-12%. of the triglyceride c). 

10. A composition according to any one of the 
preceding claims, characterized in that said bone 
tissue substitute material is selected from the 25 
group consisting of a mineral or ceramic, such as 
caldum hydroxyapatite, alumina, tricaldum phos- 
phate and caldum aluminate. and a metal, such as 
titanium. 

11. A composition according to claim 10. cAar- 30 
aeterlzed in that said bone tissue substitute ma- 
terial Is selected from the group consisting of cal- 
cium hydroxyapatite, alumina, tricaldum phosphate 

and caldum aluminate. 

12. A composition according to cleiim 11, char- 35 
aeterlzed in that said t>one tissue substitute ma- 
terial comprises caldum hydroxy apatite. 

13. A composition according to any of the preced- 
ing claims, characterized in tiiat tile volume ratio 

of bone tissue substitute material to a) plus b) and 40 
optionally c) is within the range of 1 :1 - 5:1. 

14. A method of preparing an implant material 
composition as defined in any on© of claims 1-13. 
characterized by forming said L2 or a lamellary 
fiquid crystalline phase of the ingredients a), b) and 45 
optionally c) and distrit>uting said bone tissue sub- 
stitute material therein. 

15. A metiiod according to claim 14, cAaracfer- 
Ized by melting b) and/or c) where necessary 
before addirtg a) thereto to form said L2 or lamet- so 
lary liquid crystalline phase. 

16. A method of restoring lost bone tissue in a 
bone of a human or animal body, characterized 
by applying an implant mat rial composition as 
defined in any one of claims 1-13 to the surface of 55 
any bone or bone cavity where lost bone tissue is 

to be restored and allowing said composition to 
come Into contact and/or contacting the same with 



an aqueous liquid in such an amount that said 
composition will be transformed into a cubic liquid 
crystalline phase or a reverse hexagonal liquid cry- 
stalline phase forming a plastic mass tiiat is well 
confined within said bone cavity. 

17. A method according to claim 16. c/iaracter- 
ized in that said implant material composition is 
supplied to the site of application by means of a 
syringe. 

18. A restored implant bone tissue product obtain- 
able by contact between the implant material com- 
position as defined in any of claims 1-13 and an 
aqueous liquid, said product t>eing in the state of a 
cubic liquid crystalline phase or a reversed hexag- 
onal liquid crystalline phase. 

19. A composition as defined in any one of claims 
1-13 for fuse as an Implant material composition for 
restoring bone tissue in a human or animal body. 

20. Use of a composition as defined in any one of 
claims 1-13 for the manufacture of a product to be 
used as an implant material for restoring bone 
tissue in a human or animal body. 
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